There are seven names on the Approved Lists of Bacterial Names that have been treated as partial or total synonyms for strains belonging to the Enterohucter agglomerans-Herbicola group of Erwiniu species complex. A total of 124 strains belonging to this complex, isolated mainly from plant and human sources, were studied by deoxyribonucleic acid relatedness and by a variety of biochemical tests. Ninety of these strains fell into 13 deoxyribonucleic acid hybridization groups (2 to 13 strains per group), and the remaining 34 strains did not fit into any hybridization group. Nine of the hybridization groups could be separated biochemically, whereas four hybridization groups could not. Our results point out the inadequacy of the classification schemes presently used for these organisms, the inadequacy of the present nomenclature, the extreme diversity of the strains presently classified in the Enterobacter agglomerans-Herbicola group of ErM*iniu species complex, and the need for additional, in-depth studies of these organisms.
Strains belonging to the Herbicola group of Ervtviniu species-Enterobacter agglomerans complex (Herbicola-Agglomerans group) were described as early as 1888 (2, 14) . The Herbicola-Agglomerans group contains organisms that are found as pathogens or saprophytes on plants (12, 18, 21) , in soil and water (18, 22) , in at least one insect (23), in animals (18), and as pathogens or secondary invaders in a variety of human infections ( 5 , 24, 27) . The name first given to these strains apparently was L L B~~~* t e r i i i m agglornerans" (2, 14); subsequently, they have been placed in 13 different genera under 27 species names, resulting in a total of at least 56 different nomenclatural combinations (Table 1) . Studies by Graham et al. (6, 18, 19) and resolved much of the nomenclatural confusion surrounding the HerbicolaAgglomerans group. Largely as a result of the efforts of these workers, there are now only seven species names to consider.
In Bergey 's Manual c$ Determinutii'e Bacteriology, 8th ed. (23), three species, one of which has two varieties, are listed in the Herbicola group of Ervi*inia species; these are Erwinia herbicolu (with the varieties Erbtiiniu herbicola var. herbicola and ErVt*inia herbicola var. annnas), Erninia stewartii, and ErMinia iiredovcwtr. After comparing human and plant isolates, Ewing and Fife (13, 14) proposed the name Enterobacter agglomerans for the Herbicola-Agglomerans group. These authors described seven anaerogenic and four aerogenic biogroups of Enterohucter agglomerans, which they concluded was a senior subjective synonym for the three ErMrinia species in the Herbicola group. The three Erwinia species and Enterobacter ugglomerans are on the Approved Lists of Bacterial Names (28) . Three additional species on the Approved Lists are also thought to belong to the Herbicola-Agglomerans group. These are Escherichia adecarboxylata, Erwinia anancis (as a species rather than as a variety of Erbtjinia herhicola), and Em'inia milletiae.
Through 1965 there were only three reports that the Herbicola-Agglomerans group was associated with human * Corresponding author.
disease (6, 7, 25, 27) . Only a few human isolates were included in the studies of the Herbicola-Agglomerans group done by plant and agricultural bacteriologists. Reports of Herbicola-Agglomerans group isolates from humans increased beginning in the late 1960s. Biochemical characterization of groups of human strains was first reported by von Graevenitz (32, 33) and Bottone et al. (3, 17) .
Interest in these organisms peaked in 1971, when they were implicated in a nationwide nosocomial septicemia outbreak due to contaminated intravenous products in which 40 of 378 patients died (24). Ewing and Fife studied the outbreak strains, compared them with the Herbicola group of Erwiniu, and concluded that the two sets of strains belonged to the same species (13, 14) . Reports of clinical isolates belonging to the Herbicola-Agglomerans group and of biochemical characterization of these isolates subsequently appeared from workers in many countries (5, 16, 26, 27, 31) .
The purpose of this study was to determine whether any or all of the Herbicola group of Erl;l$iniu species and Enteroharter agglomerans comprise a single species or whether these taxa represent more than one species.
(Some of the results were taken from a thesis presented by J.K.L.K. to the University of North Carolina, Chapel Hill.)
MATERIALS AND METHODS
Nomenclature. Erwinia herhicolu, Erujinia stewwrtii, Erwinia uredovora, Enr7inin ananas, ErMqiniu milletiae, Escherichia adecarboxylata, and Enterobucter agglomeruns all appear on the Approved Lists (28) . There seems to be agreement that each of these names represents one or more species in the same group, but disagreement as to the number of species in this group and as to which, if any, of these names are synonyms. We use the term HerbicolaAgglomerans group to refer to all of the organisms in this group. Species names were used to denote the names under which specific strains were received and to compare various taxonomic proposals for these organisms. Names not on the Approved Lists are written in quotation marks (Table 1) . Strains. The bacterial strains received as members of the Herbicola-Agglomerans group are listed in Table 2 . The strains of other members of the Enterohacteriaceae from which deoxyribonucleic acid (DNA) was prepared have been listed previously (30) .
DNA relatedness. The methods used to prepare DNA labeled with 32P and unlabeled DNA, the methods used in the hydroxyapatite procedure for DNA hybridization, and the method used for calculating DNA relatedness have been described previously (4).
Biochemical tests. The conventional biochemical test media and conditions used have been described previously (21). The API 20E biochemical kit system (Analytab Products, Inc.) was used according to the directions of the manufacturer, except that incubations were done at both 25 f 1 and 36 f 1°C. The API 50 research system (API 50R; Analytab Products, Inc.) was used according to the instructions of the manufacturer, with the following exceptions. Incubations were done at 36 k 1°C. A conventional methyl red test was done in parallel with the API 50 methyl red test; both were read after 48 h, and the results of the conventional reaction were used if the results differed. All other tests were read after 24 and 48 h. Reactions were graded on a scale from 0 to 5 depending on the intensity of the color produced, as directed by the manufacturer; on this scale a score of 0 was negative, 1 was weak or doubtful, 2 was doubtful positive, 3 was weakly positive, 4 was positive, and 5 was strongly positive. A reaction with a score of 2 was arbitrarily deemed negative, and a reaction with a score of 3 was arbitrarily deemed positive.
Computer-assisted phenetic analysis. All computations were performed by using the programs described by Walczak and Krichevsky (34) (35) (36) . Interstrain similarities generated from 44 conventional biochemical tests were calculated by using both the simple matching and Jaccard coefficients. Clustering was done by using both single linkage and unweighted average linkage (29) .
Antimicrobial agent susceptibility tests. Antibiograms were done on Mueller-Hinton agar by the disk method of Bauer et al. (l) , as previously described (15).
RESULTS
We determined the level of DNA relatedness of 124 strains of the Herbicola-Agglomerans group to each of 17 reference strains chosen from this group. The reference strains were chosen arbitrarily, and their DNAs were labeled with 32P. We also determined the level of relatedness of each reference strain to representative species of the Enterobncteriaceae. At least four strains from each of the 11 biogroups of Enterobacter agglomerans (14) were included in the study, as were strains received as Erwinia herhicola, Erwinia ananas, Erwinia stewartii, ErNinia uredovora, Erwiniu milletiae, "Erwinia mangiferae," "Erwinia lathyri," "Erwinia cassavae, ' ) "Erwinia maydis," and "Xanthomonas trifolii" (Table 2) .
A total of 13 DNA hybridization groups (groups of strains whose DNAs were 70% or more related) containing from 2 to 13 strains each were identified from the DNA hybridization reactions (Tables 2 and 3 ). Altogether, 90 strains were classified into these DNA hybridization groups, whereas the remaining 34 strains did not belong to any group (Table 2) . DNAs from four of these ungrouped strains (strains 486-51, 4908-71, ATCC 23372, and ICPB SS 11) were labeled, but they showed less than species level relatedness to unlabeled DNAs from the remaining ungrouped strains and to representative DNAs from each of the 13 previously established groups (data not shown). All of the hybridization groups were unique at the species level; no strain showed 70% or greater relatedness to strains representing more than one hybridization group. The levels of relatedness between pairs of the 13 hybridization groups ranged from 17 to 64% (Table   4 ). Hybridization groups I through VI, VIII, and XI11 were 40% or more interrelated, as were hybridization groups VII, IX, XI, and XII; hybridization group X was 20 to 30% related to the former hybridization groups and 30 to 39% related to the latter hybridization groups. The reference strain from each hybridization group was tested against 25 to 30 strains which represented all of the recognized genera in the Enterohacteriacene as of 1976. The levels of relatedness were between 4 and 56% ( Table 4 ). The highest levels of relatedness were observed between Eminia cypripedii and hybridization groups 11 through VI (41 to 47%) and between Enterohacter species and hybridization group VII.
Strains isolated from humans were present in all 13 hybridization groups. A total of 20 strains isolated from humans or associated with human infections and 2 animal isolates did not fit into any of the hybridization groups. Strains isolated from plants (or presumed to have been isolated from plants by virtue of their Emyinin species names) were found in hybridization groups 111, VI, and XIII, and nine such strains were ungroupable ( Table 2 ) .
The DNA hybridization groups did not correlate with the biogrouping scheme of Ewing and Fife (14) . Seven hybridization groups contained strains from two or more biogroups, and strains from all biogroups except 5, 7, and G2 were found in more than one hybridization group. Biogroup 5 strains were found only in hybridization group VII, and biogroup G2 strains were found only in hybridization group 10 (only two strains). Strains belonging to all 11 biogroups were found among the strains that were ungroupable by DNA relatedness. Plant isolates were mainly found in biogroups 1 , 4 , and 7, although single strains that were ungroupable by DNA relatedness were present in biogroups 2, 3, and 6.
Strains from aerogenic and anaerogenic biogroups were rarely in the same hybridization group. Hybridization groups IX through XI1 contained only aerogenic strains. A single aerogenic strain was included among the anaerogenic strains contained in hybridization groups I1 and V. The other hybridization groups contained only anaerogenic strains ( Table 2 ). The aerogenic strain in hybridization group I1 (strain 1778-80) was only 69% related to the group 11 reference strain, and the aerogenic strain in hybridization group V (strain 3527-71) was 73% related to the group V reference strain; the related sequences showed 6% divergence (6°C lower thermal stability than that observed for the homologous DNA from the reference strain). The other strains in hybridization group V were 83 to 100% related to (93) Divergence was the decrease in the thermal stability of the heterologous DNA duplexes compared with the thermal stability of the homologous DNA duplexes. Divergence values were calculated on the assumption that each 1°C decrease in thermal stability was due to approximately 1% unpaired bases in double-stranded DNA.
Source of labeled DNA. The numbers in parentheses are averages. For each group the homologous DNA reaction was arbitrarily defined as 100%. Therefore, the values for the homologous DNA reactions (labeled and unlabeled DNAs from the same strain) were excluded when the averages were calculated.
' Two labeled DNAs were used for DNA hybridization group VI. All reactions were done two or more times. the reference strain, and their related sequences showed no divergence (Table 3) . Therefore, one might argue that the aerogenic and anaerogenic biogroups are totally separable at the species level.
In hybridization group XI all strains were 71 to 75% related to the reference strain. The related sequences of these strains showed 5.5 to 6.0% divergence, and the level of relatedness fell to between 57 and 63% in reactions done at the stringent incubation temperature (75°C). It is possible that all strains except the reference strain are very highly related (Table 3 ). The only other "heterogeneous" hybridization group was group XII, in which the level of relatedness was between 75 and loo%, divergence was as high as 6.5%, and the level of relatedness at 75°C was between 65 and 99% (Table 3) . helpful in distinguishing among the hybridization groups. Only one API 50R test helped differentiate among hybridization groups. Several API 50R tests were not done in the conventional system: the tests which gave uniformly positive or negative results are shown in Table 5 , footnote a. Groups I, VIII, and X , which contained only two strains each, were omitted, as were strains that did not fit into any hybridization group. Table 5 shows that it was difficult to distinguish biochemically among several of the hybridization groups, especially groups I1 through V. One simplistic approach is presented in Fig. 1 . Groups VI, VII, IX, XI, X11, and XI11 are separable from one another and from the other hybridization groups on the basis of gas production and several commonly used tests. Hybridization group IV is separable from groups 11, 111, and V by means of its negative malonate and rhamnose reactions. Groups 11, 111, and V are only partially separable on the basis of their reactions for cellobiose and acetate. The fermentation of dextrin in the API 50R system was helpful, as group V strains were positive and group I1 and 111 strains were negative in this test.
A total of 72 strains representing all 13 hybridization groups were compared by numerical taxonomy. There were two types of relationship between hybridization groups and phenotypic clustering behavior. All aerogenic strains (hybridization groups IX through XII) and the anaerogenic strains of hybridization groups I, VI, and VII formed distinct phenotypic clusters, whereas the strains of the other hybridization groups did not form homogeneous clusters. Strains that were not grouped by DNA hybridization did not cluster together .
Antimicrobial agent susceptibility tests were performed on 74 strains chosen from all of the hybridization groups, as well as from strains that could not be grouped by DNA hybridization. All of the strains tested were susceptible to chloramphenicol, polymyxin b, and cefamandole; all but one to three strains were susceptible to amikacin, cefoxitin, gentamicin, kanamycin, tetracycline, tobramycin, and trimethoprim-sulfamethoxazole. Resistance to other antimicrobial agents was as follows: ampicillin, 17 strains ( . Resistant strains were found in all hybridization groups except groups VII, X , and XI. The antimicrobial agent susceptibility patterns were not helpful in distinguishing among the hybridization groups.
DISCUSSION
The DNA relatedness studies on the Herbicola-Agglomerans group were completed during 1974 and were reported preliminarily in 1975 (G. R. Fanning, A. G. Steigerwalt, P. Klykken, E. Cadet, and D. J. Brenner, Abstr. Annu. Meet. Am. SOC. Microbiol. 1975, C52, p. 35) .
The phenotypic characteristics described here were determined in 1976 and 1977. Although the hybridization groups that contained aerogenic strains and several of the groups containing anaerogenic strains could be identified phenotypically, four hybridization groups (groups I1 through V) were difficult, if not impossible, to define and separate biochemically. Analyzing the phenotypic data by numerical taxonom- 
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ic techniques did not improve our ability to distinguish among these hybridization groups.
Diagnostic bacteriologists were still faced with the problem of identifying clinical isolates of this complex on the basis of a biochemical data base that clearly contained data from at least several different species, and there was concern that one or more of the newly defined species, such as Escherichia vulneris (4), in the family Enterobacteriaceae might be a synonym for one of the names on the Approved Lists. For these reasons we decided to present the data here, to point out the shortcomings of this study, and to try to define the scope of further studies.
Of the 124 strains of the Herbicola-Agglomerans group which we studied by DNA relatedness, 90 formed 13 distinct hybridization groups (average relatedness, 73% or more for each group). The remaining 34 strains did not fit into any of these hybridization groups. The levels of relatedness among the 13 hybridization groups were 17 to 64%. The levels of relatedness between the Herbicola-Agglomerans group strains and other Enterobacteriaceae strains were highest with some species of Erwinia and Enterobacter, followed by species of Escherichia, Shigella, Salmonella, Citrobacter, and Klebsiella. In no case was the level of relatedness between a hybridization group strain and another Enterobacteriaceae strain as high as the level of relatedness between that hybridization group and at least one other hybridization group in the Herbicola-Agglomerans complex. From these data we are confident that each hybridization group represents a single, unique species within the family Enterobacteriaceae.
A total of 26 plant isolates were studied. A single Erwinia herbicola strain was in hybridization group 111. Hybridization group VI contained two strains of Erwinia iiredovora and four strains of Erwinia ananas. Ten plant strains were in hybridization group XIII. These included strains received as "Erwinia lathyri, " "Erwinia mang$erae, " " X . trifolii," and Erwinia milletiae (all considered to be synonyms of Erwinia herbicola subsp. herbicola), as well as Erwinia herbicola subsp. herbicola. Nine plant isolates did not fit into any of the 13 hybridization groups. These strains were received as Erwinia herbicola subsp. herhicola, Erwinia herbicola subsp. ananas, Erwinia uredovora, Erwinia stewartii, "Erwinia maydis," and "Erwinia cassavae." These results show that the present classification of members of the Herbicola-Agglomerans group as three species plus Erwinia herbicola subsp. ananas is inadequate.
The classification scheme of Ewing and Fife with all of the strains in Enterobacter agglomerans and subdivision of the strains into 11 biogroups (14) is also not supported by the present data since there are multiple species, since more than one biogroup is present in 7 of the 10 hybridization groups that contain more than two strains, and since strains from almost all biogroups are present in more than one hybridization group. However, aerogenic strains and anaerogenic strains were not found in the same hybridization group.
Previous studies showed that 70% or greater interrelatedness was characteristic of the strains within any species of the Enterobacteriaceae (4, 15, 30) . By this criterion there are 13 species among the grouped strains and 5 or more species among the 34 strains that do not fit into any of the groups (4 of these strains were labeled and were not related at the species level to any of the other ungroupable strains).
If we dismiss the ungroupable strains and hybridization group X (two strains isolated simultaneously from chicken livers), we are left with 12 species that contain two or more independently isolated strains. Seven of these hybridization groups are separable on the basis of phenotypic characteristics and, except for group VIII, form highly related clusters as determined by numerical taxonomic analysis (groups I, VI, VII, IX, XI, and XII). Groups I1 through V and XI11 cannot be separated with certainty on the basis of biochemical tests, although phenylalanine deaminase, malonate, rhamnose, cellobiose, acetate, and dextrin reactions are helpful in distinguishing them.
Since 1980, a species has standing in nomenclature only if it appears on the Approved Lists (28) . Seven species names that represent members of the Herbicola-Agglomerans group On: Thu, 27 Dec 2018 14:41:36 VOL. 34, 1984 HERBICOLA GROUP-ENTEROBACTER AGGLOMERANS STRAINS 53 appear on the Approved Lists. Two of these, ErMtinia stewartii (strain ATCC 8199 [= SSll]) and Erwinia irredovora (strain ATCC 19321) were used in this study. Erwinia stewartii ATCC 8199 was not grouped, and Erwinia uredovora ATCC 19321 was in hybridization group VI. The other type strains used were either not designated when the study was initiated, were poorly known, or, for Enterobacter agglornerans ATCC 27155, were inexplicably excluded. Species are defined in terms of their type strains. For example, if the type strain of Erwinia herbicola were in hybridization group A and 10 other strains called Erwinia herbicola were in hybridization group B, hybridization group A would be Erwinia herbicola. Alternatively, if two type strains were in the same hybridization group, the first name to be published would have priority and the second name would lose standing in nomenclature. There are more than enough hybridization groups to accommodate all of the species names, but it will be necessary to examine all type strains before making any nomenclatural proposal.
Another problem in classification is the designation of one o r more genus names for members of the Herbicola-Agglomerans group. The designated species are presently in three genera, Erwinia, Enterobacter, and Escherichia (Escherichia adecarboxylata) . This problem can be approached logically only after the species problems have been answered.
The present study suffered from several problems in addition to the lack of type strains. We thought that the total number of strains chosen for study (124 strains) was more than adequate. Unfortunately, we were wrong. There were not enough plant strains, and Escherichia adecarboxylata strains were not included. The human strains were mainly from a nationwide outbreak of septicemia (24). The strains certainly showed genetic diversity, so much that 90 strains formed 13 hybridization groups and 34 other strains were ungroupable. This resulted in a small number of strains with which to define the biochemical characteristics of most hybridization groups. The lack of a sufficient number of strains does not account for our inability to separate each hybridization group on the basis of biochemical tests. It is possible that some, but not all, of the problem was technical.
Since we could not separate all hybridization groups with common biochemical tests, additional tests should be investigated. The possibilities include substrate utilization tests, specific enzyme substrate tests, and tests for differences in Glucose -Gas INT. J. SYST. BACTERIOL. growth temperature range. On a practical note, several of the biochemical tests that helped identify members of the Herbicola-Agglomerans group are not included in many of the commercially available identification systems. These tests include trehaiose, cellobiose, malonate, and acetate.
